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   Tea is one of the most-consumed beverages in the world. Tea is 
processed from the bud of the tea tree (Thea sinensis L.), and, in general, 
its hot-water extract is used. Tea is classified into three types based on 
whether or not the leaves are fermented. Black tea, oolong tea, and 
green tea are typical fermented, semi-fermented, and non-fermented 
teas, respectively. 
   Green tea is a staple beverage in Japan, and it is produced and 
consumed in very high amounts. Green tea is rich in theanine, glutamic 
acid, aspargic acid, arginine, serine, and threonine as free amino acids, 
is rich in ascorbic acid as a vitamin, and is rich in potassium, calcium, 
magnesium, and phosphorus as minerals. Theanine lends umami and 
sweetness to green tea, and caffeine lends bitterness. Green tea contains 
chlorophyll as a pigment. Green tea is a non-fermented tea; oxidases 
such as polyphenol oxidase are deactivated by steam in the 
manufacturing process. Therefore, changes in the quality or quantity of 
ingredients are not seen in the course of preparation; most of these 
ingredients in the leaves of the raw materials are maintained in green 
tea leaves and its hot-water extract. 
   Tannin, which is also an ingredient that lends bitterness to green tea, 
is a catechin. Catechins are well known to have healthy effects. For 
example, catechins have an antibacterial effect.1) 
   In the present study, we examined the effects of the ingestion of 
catechin-containing green tea on serum and liver lipid levels in rats. The 
rats ingested different concentrations of catechin-containing green tea 
with either a cholesterol-free diet or a cholesterol-loaded diet used as a 
model of exogenous hypercholesterolemia and fatty liver. 
 
MATERIALS AND METHODS 
   Animals and diets. This animal experiment was conducted with the 
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The effects of the ingestion of different concentrations of catechin-containing green tea on serum and liver lipid levels were investigated in rats. The 
rats ingested different concentrations of catechin-containing green tea using commercial products with cholesterol-free and cholesterol-loaded diets. 
Neither epididymal nor perirenal adipose tissue weights were significantly different between the groups that consumed low and high concentrations 
of catechin with the cholesterol-free diet. However, with the cholesterol-loaded diet, the epididymal adipose tissue weight in the group that 
consumed a high concentration of catechin tended to be lower than that in the low-catechin-concentration group, and the perirenal adipose tissue 
weight was significantly lower in the high-catechin-concentration group than in the low-catechin-concentration group. The serum cholesterol 
concentration was not significantly different between the low- and high-catechin-concentration groups in either the cholesterol-free or 
cholesterol-loaded diets. The serum triglyceride concentration was not significantly different between the low- and high-catechin-concentration 
groups in the cholesterol-free diet. In the cholesterol-loaded diet, the serum triglyceride concentration in the high-catechin-concentration group 
tended to be lower than that in the low-catechin-concentration group. The serum TBARS value was not significantly different between the low- and 
high-catechin-concentration groups, both in the cholesterol-free and cholesterol-loaded diets. The liver TBARS value in the 
high-catechin-concentration group tended to be lower than that in the low-catechin-concentration group in the cholesterol-free diet. In the 
cholesterol-loaded diet, there was no significant difference in the liver TBARS value between the low- and high-catechin-concentration groups. 
Previous studies have demonstrated that tea catechin ingestion brought beneficial effects on lipid metabolism in humans as well as in animals. 
These results suggest that frequent catechin-containing green tea ingestion and taking an effective dose of tea catechin can have beneficial effects on 
lipid metabolism. 
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和文要旨   佐藤肺癌（SLC）移植ラットにおける血清および肝臓脂質レベルに対する担癌の影響を検討した。担癌ラットに
はSLC細胞を 5×106または 5×107移植し 21日間飼育した。血清総コレステロール濃度ならびにその中で高密度リポタンパク質
（HDL）コレステロールおよびエステル結合型コレステロール濃度が 5×106および 5×107の SLC 細胞の移植後対照群と比較し
て有意に低下した。その一方で，血清トリグリセリドおよび非エステル結合型脂肪酸，肝臓コレステロールおよびトリグリセリド
ならびに血清および肝臓チオバルビツール酸反応物質（TBARS 値）に SLC 移植による変化はみられなかった。固形癌が 5×106
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   Male Wistar rats (3-wk-old, Charles River Laboratories Japan, Inc., 
Kanagawa, Japan) were individually housed in stainless steel cages 
with wire bottoms in an air-conditioned room at a temperature of 
22±2 ℃, a relative humidity of 55±5 %, and a 12-h light cycle 
(0800-2000). They were fed a stock pellet diet (MF; Oriental Yeast Co., 
Ltd., Tokyo, Japan) for 1 d. Subsequently, the rats were divided into 
two groups with similar body weights. Both groups (Experiments 1 and 
2) were further divided into two additional groups (n=5), one of which 
ingested a green tea containing a low concentration of catechin (32 
mg/100 ml) (Oi Ocha; Ito En Ltd, Tokyo, Japan) and the other of 
which ingested a green tea containing a high concentration of catechin 
(154 mg/100 ml) (Healthya, Kao Corporation, Tokyo, Japan). The food 
composition of low and high concentration catechin-containing green 
tea was as follows: 0 g protein, 0 g lipid, 0 g carbohydrate and 9 mg 
sodium per 100 ml, and 0 g protein, 0 g lipid, 1.1 g carbohydrate and 10 
mg sodium per 100 ml, respectively. The Experiment 1 groups ingested 
the basal diet, and the Experiment 2 groups ingested a 
cholesterol-loaded diet. The composition of the basal diet2) was as 
follows: 20 % casein (Oriental Yeast Co., Ltd.), 13.2 % α-cornstarch 
(Oriental Yeast Co., Ltd.), 39.75 % cornstarch (Oriental Yeast Co., Ltd.), 
10 % sucrose (Nissin Sugar Manufacturing Co., Ltd., Tokyo, Japan), 
5 % cellulose powder (Oriental Yeast Co., Ltd.), 7 % soybean oil 
(Oriental Yeast Co., Ltd.), 3.5 % mineral mixture (AIN 93G 
composition)2) (Oriental Yeast Co., Ltd.), 1 % vitamin mixture (AIN 93 
Table 1. Initial body weight, food and tea intake, body weight gain, and relative weight of liver in rats ingested different concentration of 
catechin-containing green tea with cholesterol-free (Experiment 1) and cholesterol-loaded (Experiment 2) diets. 
Measurement                  Experiment 1               Experiment 2 
                     LC            HC            CLC         CHC 
Initial body weight (g)          57.3 ± 1.4    57.0 ± 1.2        59.1 ± 1.2    57.3 ± 1.6 
Tea intake (ml/28d)           618.4 ± 15.5    481.0 ± 18.2 *      585.8 ± 40.3   528.4 ± 21.5 
Estimated catechin intake (mg/28d)     197.9 ± 4.9    740.7 ± 28.0 *      187.5 ± 12.9   813.7 ± 33.1 * 
Food intake (g/28d)           520.3 ± 6.4    504.1 ± 7.7       527.2 ± 23.8   508.3 ± 7.8 
Body weight gain (g/28d)         221.3 ± 5.5     222.2 ± 7.5       227.2 ± 13.0   227.4 ± 4.7 
Liver weight (g/100g of body wt)      4.00 ± 0.06    4.09 ± 0.14       5.91 ± 0.23    6.44 ± 0.51 
Values represent the means ± standard errors for five rats. * Significantly different at p < 0.05 by unpaired Student's t-test. LC, low 
concentration of catechin-containing green tea with cholesterol-free diet group; HC, high concentration of catechin-containing green tea 
with cholesterol-free diet group; CLC, low concentration of catechin-containing green tea with cholesterol-loaded diet group; CHC, high 




Fig. 1. Relative weights of epididymal and perirenal adipose tissues in rats ingested different concentration of catechin-containing green tea with 
cholesterol-free and cholesterol-loaded diets. Values represent the means for five rats. Vertical bars indicate standard errors. * Significantly different 
at p < 0.05 by unpaired Student's t-test. LC, low concentration of catechin-containing green tea with cholesterol-free diet group; HC, high 
concentration of catechin-containing green tea with cholesterol-free diet group; CLC, low concentration of catechin-containing green tea with 
cholesterol-loaded diet group; CHC, high concentration of catechin-containing green tea with cholesterol-loaded diet group. 
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composition)2) (Oriental Yeast Co., Ltd.), 0.25 % choline bitartrate 
(Wako Pure Chemical Industries, Ltd., Osaka, Japan), and 0.3 % 
L-cystine (Wako Pure Chemical Industries, Ltd.). The 
cholesterol-loaded diet was prepared by adding 0.5 % cholesterol 
(Wako Pure Chemical Industries, Ltd.) and 0.125 % sodium cholate 
(Wako Pure Chemical Industries, Ltd.) to the basal diet at the expense 
of cornstarch. The rats were maintained on this diet for an additional 28 
d. The diet and green tea were available at all times. Animals were 
deprived of their diet at 0900 on the 28th day but allowed free access to 
green tea until they were sacrificed, which occurred 4 h later. Blood 
was collected from the heart and left to clot at room temperature so that 
serum could be obtained. The liver and epididymal and perirenal 
adipose tissues were quickly removed, washed with cold 0.9 % NaCl, 
blotted on filter paper, and weighed. The serum and liver were stored at 
30 ℃ until lipid concentration analyses were performed. Aliquots of 
the liver were also preserved in methanol and stored at 4 ℃ until 
analyses of the lipid contents were performed. 
Lipid analyses. Serum total cholesterol, high-density lipoprotein 
(HDL)-cholesterol, triglyceride, phospholipid, and nonesterified fatty 
acid (NEFA) concentrations were determined by an enzymatic method 
using a Cholesterol E-test Wako, HDL-Cholesterol E-test Wako, 
Triglyceride E-test Wako, Phospholipid C-test Wako, and NEFA-C test 
Wako, respectively. All test kits were obtained from Wako Pure 
Chemical Industries, Ltd. The difference between the total cholesterol 
concentration and the HDL-cholesterol concentration was regarded as 
the (VLDL+LDL)-cholesterol concentration. The ratio of the 
(VLDL+LDL)-cholesterol concentration to the HDL-cholesterol 
concentration is designated as the atherogenic index. The ratio of the 
HDL-cholesterol concentration to the total cholesterol concentration is 
designated as the HDL-cholesterol ratio. 
Total lipids from the liver were extracted according to the procedure 
described by Folch et al.3) After portions of the chloroform phase had 
been dried under nitrogen, cholesterol,4) triglyceride,5) and 
phospholipid6) contents were determined. 
The serum and liver thiobarbituric acid-reactive substance 
(TBARS) values were measured according to the method described by 
Yagi7) and Mihara et al.,8) respectively. 
Statistical analyses. Results were expressed as the mean ± standard 
error. Statistical analysis was carried out by unpaired Student’s t-test 
using the SPSS Statistics, version 22 (IBM Japan, Ltd., Tokyo, Japan). 
Differences were considered significant at p < 0.05. 
 
RESULTS 
   Table 1 shows the initial body weight; green tea, food, and 
Fig. 2. Effects of the ingestion of different concentration of catechin-containing green tea with cholesterol-free and cholesterol-loaded diets on 
serum cholesterol concentration, atherogenic index, and high-density lipoprotein (HDL)-cholesterol ratio in rats. Values represent the means for five 
rats. Vertical bars indicate standard errors. LC, low concentration of catechin-containing green tea with cholesterol-free diet group; HC, high 
concentration of catechin-containing green tea with cholesterol-free diet group; CLC, low concentration of catechin-containing green tea with 
cholesterol-loaded diet group; CHC, high concentration of catechin-containing green tea with cholesterol-loaded diet group. 
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Kanagawa, Japan) were individually housed in stainless steel cages 
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Body weight gain (g/28d)         221.3 ± 5.5     222.2 ± 7.5       227.2 ± 13.0   227.4 ± 4.7 
Liver weight (g/100g of body wt)      4.00 ± 0.06    4.09 ± 0.14       5.91 ± 0.23    6.44 ± 0.51 
Values represent the means ± standard errors for five rats. * Significantly different at p < 0.05 by unpaired Student's t-test. LC, low 
concentration of catechin-containing green tea with cholesterol-free diet group; HC, high concentration of catechin-containing green tea 
with cholesterol-free diet group; CLC, low concentration of catechin-containing green tea with cholesterol-loaded diet group; CHC, high 




Fig. 1. Relative weights of epididymal and perirenal adipose tissues in rats ingested different concentration of catechin-containing green tea with 
cholesterol-free and cholesterol-loaded diets. Values represent the means for five rats. Vertical bars indicate standard errors. * Significantly different 
at p < 0.05 by unpaired Student's t-test. LC, low concentration of catechin-containing green tea with cholesterol-free diet group; HC, high 
concentration of catechin-containing green tea with cholesterol-free diet group; CLC, low concentration of catechin-containing green tea with 
cholesterol-loaded diet group; CHC, high concentration of catechin-containing green tea with cholesterol-loaded diet group. 
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estimated catechin intakes; body weight gain over the 28-day 
experimental period; and the relative weight of the liver at the end of 
the experimental period. The green tea intake was significantly lower in 
the high-catechin-concentration group than in the 
low-catechin-concentration group in the cholesterol-free diet, whereas 
in the cholesterol-loaded diet, there was no significant difference 
between the low- and high-catechin-concentration groups. On the other 
hand, the estimated catechin intake in the high-catechin-concentration 
group was significantly higher than that in the 
low-catechin-concentration group in both the cholesterol-free and 
cholesterol-loaded diets due to the different catechin concentrations of 
these two experimental green tea beverages. The food intake and body 
weight gain were not significantly different between the low- and 
high-catechin-concentration groups in either the cholesterol-free or the 
cholesterol-loaded diet. The relative liver weight was also not 
significantly different between the low- and 
high-catechin-concentration groups in either the cholesterol-free or the 
cholesterol-loaded diet. 
The relative weights of epididymal and perirenal adipose tissues at 
the end of the experimental period are shown in Fig. 1. Neither the 
epididymal nor the perirenal adipose tissue weight was significantly 
different between the low- and high-catechin-concentration groups in 
the cholesterol-free diet, whereas in the cholesterol-loaded diet, the 
epididymal adipose tissue weight in the high-catechin-concentration 
group tended to be lower than that in the low-catechin-concentration 
group, and the perirenal adipose tissue weight was significantly lower 
in the high-catechin-concentration group than in the 
low-catechin-concentration group. 
   Serum cholesterol concentrations are shown in Fig. 2. The serum 
total cholesterol concentration was not significantly different between 
the low- and high-catechin-concentration groups in either the 
cholesterol-free or the cholesterol-loaded diet. As for the lipoprotein 
cholesterol concentrations, neither the HDL-cholesterol nor the 
(VLDL+LDL)-cholesterol concentration was significantly different 
between the low- and high-catechin-concentration groups in either the 
cholesterol-free or the cholesterol-loaded diet. Thus, the atherogenic 
index and HDL-cholesterol ratio in the low-catechin-concentration 
group were not changed as compared to those in the 
high-catechin-concentration group in either the cholesterol-free or the 
cholesterol-loaded diet. 
Fig. 3 shows the serum triglyceride, phospholipid, and NEFA 
concentrations. The serum triglyceride concentration was not 
significantly different between the low- and 
high-catechin-concentration groups in the cholesterol-free diet. In the 
cholesterol-loaded diet, the serum triglyceride concentration in the 
high-catechin-concentration group tended to be lower than that in the 
low-catechin-concentration group. The serum phospholipid and NEFA 
concentrations were not significantly different between the low- and 
high-catechin-concentration groups in either the cholesterol-free or the 
cholesterol-loaded diet. 
   The liver lipid contents are shown in Fig. 4. There were no 
significant differences in the liver cholesterol and triglyceride contents 
between the low- and high-catechin-concentration groups in either the 
cholesterol-free or the cholesterol-loaded diet. The liver phospholipid 
content in the high-catechin-concentration group was significantly 
lower than that in the low-catechin-concentration group in the 
 
Fig. 3. Effects of the ingestion of different concentration of catechin-containing green tea with cholesterol-free and cholesterol-loaded diets on 
serum triglyceride, phospholipid, and nonesterified fatty acid (NEFA) concentrations in rats. Values represent the means for five rats. Vertical bars 
indicate standard errors. LC, low concentration of catechin-containing green tea with cholesterol-free diet group; HC, high concentration of 
catechin-containing green tea with cholesterol-free diet group; CLC, low concentration of catechin-containing green tea with cholesterol-loaded diet 
group; CHC, high concentration of catechin-containing green tea with cholesterol-loaded diet group. 
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cholesterol-free diet, whereas there was no significant difference in the 
liver phospholipid content between the low- and 
high-catechin-concentration groups in the cholesterol-loaded diet. 
The serum and liver TBARS values are shown in Fig. 5. The serum 
TBARS value was not significantly different between the low- and 
high-catechin-concentration groups in either the cholesterol-free or the 
cholesterol-loaded diet. The liver TBARS value in the 
high-catechin-concentration group tended to be lower than that in the 
low-catechin-concentration group in the cholesterol-free diet. In the 
cholesterol-loaded diet, there was no significant difference in the liver 





Fig. 4. Effects of the ingestion of different concentration of catechin-containing green tea with cholesterol-free and cholesterol-loaded diets on liver 
lipid contents in rats. Values represent the means for five rats. Vertical bars indicate standard errors. * Significantly different at p < 0.05 by unpaired 
Student's t-test. LC, low concentration of catechin-containing green tea with cholesterol-free diet group; HC, high concentration of 
catechin-containing green tea with cholesterol-free diet group; CLC, low concentration of catechin-containing green tea with cholesterol-loaded diet 
group; CHC, high concentration of catechin-containing green tea with cholesterol-loaded diet group. 
 
 Fig. 5. Effects of the ingestion of different concentration of catechin-containing green tea with cholesterol-free and cholesterol-loaded diets on 
serum and liver thiobarbituric acid-reactive substance (TBARS) values in rats. Values represent the means for five rats. Vertical bars indicate 
standard errors. LC, low concentration of catechin-containing green tea with cholesterol-free diet group; HC, high concentration of 
catechin-containing green tea with cholesterol-free diet group; CLC, low concentration of catechin-containing green tea with cholesterol-loaded diet 
group; CHC, high concentration of catechin-containing green tea with cholesterol-loaded diet group. 
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estimated catechin intakes; body weight gain over the 28-day 
experimental period; and the relative weight of the liver at the end of 
the experimental period. The green tea intake was significantly lower in 
the high-catechin-concentration group than in the 
low-catechin-concentration group in the cholesterol-free diet, whereas 
in the cholesterol-loaded diet, there was no significant difference 
between the low- and high-catechin-concentration groups. On the other 
hand, the estimated catechin intake in the high-catechin-concentration 
group was significantly higher than that in the 
low-catechin-concentration group in both the cholesterol-free and 
cholesterol-loaded diets due to the different catechin concentrations of 
these two experimental green tea beverages. The food intake and body 
weight gain were not significantly different between the low- and 
high-catechin-concentration groups in either the cholesterol-free or the 
cholesterol-loaded diet. The relative liver weight was also not 
significantly different between the low- and 
high-catechin-concentration groups in either the cholesterol-free or the 
cholesterol-loaded diet. 
The relative weights of epididymal and perirenal adipose tissues at 
the end of the experimental period are shown in Fig. 1. Neither the 
epididymal nor the perirenal adipose tissue weight was significantly 
different between the low- and high-catechin-concentration groups in 
the cholesterol-free diet, whereas in the cholesterol-loaded diet, the 
epididymal adipose tissue weight in the high-catechin-concentration 
group tended to be lower than that in the low-catechin-concentration 
group, and the perirenal adipose tissue weight was significantly lower 
in the high-catechin-concentration group than in the 
low-catechin-concentration group. 
   Serum cholesterol concentrations are shown in Fig. 2. The serum 
total cholesterol concentration was not significantly different between 
the low- and high-catechin-concentration groups in either the 
cholesterol-free or the cholesterol-loaded diet. As for the lipoprotein 
cholesterol concentrations, neither the HDL-cholesterol nor the 
(VLDL+LDL)-cholesterol concentration was significantly different 
between the low- and high-catechin-concentration groups in either the 
cholesterol-free or the cholesterol-loaded diet. Thus, the atherogenic 
index and HDL-cholesterol ratio in the low-catechin-concentration 
group were not changed as compared to those in the 
high-catechin-concentration group in either the cholesterol-free or the 
cholesterol-loaded diet. 
Fig. 3 shows the serum triglyceride, phospholipid, and NEFA 
concentrations. The serum triglyceride concentration was not 
significantly different between the low- and 
high-catechin-concentration groups in the cholesterol-free diet. In the 
cholesterol-loaded diet, the serum triglyceride concentration in the 
high-catechin-concentration group tended to be lower than that in the 
low-catechin-concentration group. The serum phospholipid and NEFA 
concentrations were not significantly different between the low- and 
high-catechin-concentration groups in either the cholesterol-free or the 
cholesterol-loaded diet. 
   The liver lipid contents are shown in Fig. 4. There were no 
significant differences in the liver cholesterol and triglyceride contents 
between the low- and high-catechin-concentration groups in either the 
cholesterol-free or the cholesterol-loaded diet. The liver phospholipid 
content in the high-catechin-concentration group was significantly 
lower than that in the low-catechin-concentration group in the 
 
Fig. 3. Effects of the ingestion of different concentration of catechin-containing green tea with cholesterol-free and cholesterol-loaded diets on 
serum triglyceride, phospholipid, and nonesterified fatty acid (NEFA) concentrations in rats. Values represent the means for five rats. Vertical bars 
indicate standard errors. LC, low concentration of catechin-containing green tea with cholesterol-free diet group; HC, high concentration of 
catechin-containing green tea with cholesterol-free diet group; CLC, low concentration of catechin-containing green tea with cholesterol-loaded diet 
group; CHC, high concentration of catechin-containing green tea with cholesterol-loaded diet group. 
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The ingestion of green tea containing a high concentration of 
catechin significantly decreased the perirenal adipose tissue weight as 
compared to the ingestion of green tea containing a low concentration 
of catechin. Furthermore, the epididymal adipose tissue weight in the 
high-catechin-concentration green tea group tended to be lower than 
that in the low-catechin-concentration green tea group in the 
cholesterol-loaded diet; the catechin might be considered to decrease 
the triglyceride accumulation. A previous study reported that tea 
catechin ingestion decreased the epididymal adipose tissue weight in a 
dose-dependent manner, and at the same time, the liver β-oxidation 
activity, related to fatty acid degradation, was stimulated in mice fed a 
high-fat diet.9) Another study found that, in rats, tea catechin ingestion 
decreased the visceral (epididymal, mesenteric, and perirenal plus 
retroperitoneal) adipose tissue weights as compared to the control 
group, and at the same time, the activities of fatty acid synthase and 
malic enzymes, related to fatty acid syntheses, were decreased.10) The 
decrease in the adipose tissue weight associated with the ingestion of 
high-catechin-concentration green tea seen in the present study might 
be due, at least in part, to the stimulation of β-oxidation activity and the 
suppression of fatty acid synthesis-related enzyme activities. 
   The serum total, HDL-, and (VLDL+LDL)-cholesterol 
concentrations were not changed between the low- and 
high-catechin-concentration groups in both the cholesterol-free and 
cholesterol-loaded diets. It is known that catechin decreases the total 
cholesterol concentration, especially the LDL-cholesterol concentration, 
in blood.11-12) In these previous studies, rats ingested tea catechin at rates 
of 0.7 g/d/kg of body weight for 4 wk11) and 10 g/kg of diet for 3 wk,12) 
respectively. In the present study, in Experiment 1, rats ingested 618 or 
481 ml/28d of green tea in the low- and high-catechin-concentration 
groups, respectively, volumes which contained about 198 or 741 
mg/28d of catechin, respectively. In Experiment 2, rats ingested 586 or 
528 ml/28d of green tea, respectively, which contained about 188 or 
814 mg/28d of catechin, respectively (Table 1). In Experiment 1, the 
quantity of catechin ingestion was estimated to be about 0.042 and 
0.157 g/d/kg of body weight on the 27-28th day of the experimental 
breeding in the low- and high-catechin-concentration groups, 
respectively, with consumption of about 0.38 and 1.47 g/kg of diet over 
28 d, respectively. In Experiment 2, the quantity of catechin ingestion 
was estimated to be about 0.039 and 0.170 g/d/kg of body weight on 
the 27-28th day of the experimental breeding in the low- and 
high-catechin-concentration groups, respectively, with consumption of 
about 0.36 and 1.60 g/kg of diet over 28 d, respectively. The amount of 
catechin in green tea ingested in the present study was less than that in 
the above-mentioned studies; this may be why the serum total, and 
(VLDL+LDL)-cholesterol concentrations did not change. 
The serum triglyceride concentration was not changed between 
groups that ingested low- and high-catechin-concentration green tea in 
either the cholesterol-free or the cholesterol-loaded diet. A previous 
study has shown that catechin ingestion suppressed the increase in the 
triglyceride concentration in the blood after food ingestion by inhibiting 
the absorption of triglyceride from food.13) In this study, rats ingested a 
diet containing tea catechin with lipid emulsion, and the plasma 
triglyceride concentration was significantly suppressed 1 and 2 h after 
the catechin ingestion. This suppression effect was not seen 4 h or more 
after the catechin ingestion. In contrast, the plasma triglyceride 
concentration was not changed by the ingestion of a diet containing tea 
catechin without lipid emulsion. In the present study, the rats were able 
to ingest catechin-containing green tea until just before sacrifice and 
blood collection, although they were deprived of the food diet for 4 h 
before being sacrificed. The absorption of triglyceride from the diet was 
mostly completed, therefore, at the time of sacrifice, the serum 
triglyceride concentration might not have differed between the 
ingestion of low- and high-catechin-concentration green tea. 
Both the TBARS values in the serum and liver were not changed 
between the low- and high-catechin-concentration groups in either the 
cholesterol-free or the cholesterol-loaded diet. A previous study has 
shown that a catechin-containing diet reduced the plasma TBARS 
value in rats.14) In this study, rats ingested an experimental diet 
supplemented with dietary flavonoids (quercetin + catechin, 2:1 wt/wt) 
at a rate of 8 g/kg of diet for 4 wk. The experimental diet was rich in 
polyunsaturated fatty acid containing eicosapentaenoic acid (EPA) and 
docosahexaenoic acid (DHA). In the present study, the fat used in the 
diet was soybean oil. The oleic acid and linoleic acid contents in the 
soybean oil were almost the same as in the above-mentioned 
experimental diet, but EPA and DHA were not contained in the 
soybean oil. The degree of fatty acid peroxidation in the present study 
was lower than that in the above-mentioned studies; therefore, the 
TBARS values in the serum and liver might not have changed between 
the low- and high-catechin-concentration groups. 
   In conclusion, the ingestion of green tea containing a high 
concentration of catechin decreased the perirenal adipose tissue weight, 
resulting in beneficial effects on the lipid metabolism. On the other 
hand, almost all of the lipid metabolism parameters measured in the 
present study were not significantly changed. Previous studies have 
demonstrated that tea catechin ingestion had beneficial effects on lipid 
metabolism such as the suppression of triglyceride accumulation,15) 
decrease in the concentration of cholesterol16) and triglyceride17) in the 
blood, and antioxidant activity18) in humans as well as in animals.9-14) 
Frequent catechin-containing green tea ingestion and taking an 




1) Kakuda, T., Takihara, T., Sakane, I., and Mortelmans, K., 
Antimicrobial activity of tea extracts against periodontopathic 
bacteria, Nippon Nogeikagaku Kaishi, 68, 241-243 (1994). 
ー 13 ー
岩手県立大学盛岡短期大学部研究論集第 17号 
Bulletin of Morioka Junior College Iwate Prefectural University, No.17 
- 7- 
2) Reeves, P. G., Nielsen, F. H., and Fahey, G. C. Jr., AIN-93 purified 
diets for laboratory rodents: Final report of the American Institute of 
Nutrition ad hoc writing committee on the reformulation of the 
AIN-76A rodent diet, J. Nutr., 123, 1939-1951 (1993). 
3) Folch, J., Lees, M., and Sloane-Stanley, G. H., A simple method for 
the isolation and purification of total lipides from animal tissues, J. 
Biol. Chem., 226, 497-509 (1957). 
4) Zak, B., Simple rapid microtechnic for serum total cholesterol, Am. J. 
Clin. Path., 27, 583-588 (1957). 
5) van Handel, E., Suggested modifications of the micro determination 
of triglycerides, Clin. Chem., 7, 249-251 (1961). 
6) Chen, P. S., Toribara, T. Y., and Warner, H., Microdetermination of 
phosphorus, Anal. Chem., 28, 1756-1758 (1956). 
7) Yagi, K., A simple fluorometric assay for lipoperoxide in blood 
plasma, Biochem Med., 15, 212-216 (1976). 
8) Mihara, M., and Uchiyama, M., Determination of malonaldehyde 
precursor in tissues by thiobarbituric acid test, Anal. Biochem., 86, 
271-278 (1978). 
9) Murase, T., Nagasawa, A., Suzuki, J., Hase, T., and Tokimitsu, I., 
Beneficial effects of tea catechins on diet-induced obesity: 
stimulation of lipid catabolism in the liver, Int. J. Obes., 26, 
1459-1464 (2002). 
10) Ikeda, I., Hamamoto, R., Uzu, K., Imaizumi, K., Nagao, K., 
Yanagita, T., Suzuki, Y., Kobayash,i M., and Kakuda, T., Dietary 
gallate esters of tea catechins reduce deposition of visceral fat, 
hepatic triacylglycerol, and activities of hepatic enzymes related to 
fatty acid synthesis in rats, Biosci. Biotechnol. Biochem., 69, 
1049-1053 (2005). 
11) Raederstorff, D. G., Schlachter, M.F., Elste, V., and Weber, P., Effect 
of EGCG on lipid absorption and plasma lipid levels in rats, J. Nutr. 
Biochem., 14, 326-332 (2003). 
 
 
12) Kobayashi, M., Unno, T., Suzuki, Y., Nozawa, A., Sagesaka, Y., 
Kakuda, T., and Ikeda, I., Heat-epimerized tea catechins have the 
same cholesterol-lowering activity as green tea catechins in 
cholesterol-fed rats, Biosci. Biotechnol. Biochem., 69, 2455-2458 
(2005). 
13) Suzuki, Y., Unno, T., Kobayashi, M., Nozawa, A., Sagesaka, Y., and 
Kakuda, T., Dose-dependent suppression of tea catechins with a 
galloyl moiety on postprandial hypertriglyceridemia in rats, Biosci. 
Biotechnol. Biochem., 69, 1288-1291 (2005). 
14) Frémont, L., Gozzélino, M. T., Franchi, M. P., and Linard, A., 
Dietary flavonoids reduce lipid peroxidation in rats fed 
polyunsaturated or monounsaturated fat diets, J. Nutr., 128, 
1495-1502 (1998). 
15) Kajimoto, O., Kajimoto, Y., Yabune, M., Nakamura, T., Kotani, K., 
Suzuki, Y., Nozawa, A., Nagata, K., Unno, T., Sagesaka, Y. M., 
Kakuda, T., and Yoshikawa, T., Tea catechins with a galloyl moiety 
reduce body weight and fat, J. Health Science, 51, 161-171 (2005). 
16) Kajimoto, O., Kajimoto, Y., Yabune, M., Nozawa, A., Nagata, K., 
and Kakuda, T., Tea catechins reduce serum cholesterol levels in 
mild and borderline hypercholesterolemia patients, J. Clin. Biochem. 
Nutr., 33, 101-111 (2003). 
17) Unno, T., Tago, M., Suzuki, Y., Nozawa, A., Sagesaka, Y. M., 
Kakuda, T., Egawa, K., and Kondo, K., Effect of tea catechins on 
postprandial plasma lipid responses in human subjects, Br. J. Nutr., 
93, 543-547 (2005). 
18) Suliburska, J., Bogdanski, P., Szulinska, M., Stepien, M., 
Pupek-Musialik, D., and Jablecka, A., Effects of green tea 
supplementation on elements, total antioxidants, lipids, and glucose 
values in the serum of obese patients, Biol. Trace Elem. Res., 149, 
315-322 (2012). 














Michika KIKUCHI, Chie SUGAWARA, Akari TATESAWA, Mari FUJIMORI, Reiko SASADA and Masashi KAWASAKI 
Effects of the Ingestion of Green Tea on Serum and Liver Lipid Levels in Rats: Comparison of Effects between Different Concentrations of Catechin Using Commercial 
Products 
- 6- 
The ingestion of green tea containing a high concentration of 
catechin significantly decreased the perirenal adipose tissue weight as 
compared to the ingestion of green tea containing a low concentration 
of catechin. Furthermore, the epididymal adipose tissue weight in the 
high-catechin-concentration green tea group tended to be lower than 
that in the low-catechin-concentration green tea group in the 
cholesterol-loaded diet; the catechin might be considered to decrease 
the triglyceride accumulation. A previous study reported that tea 
catechin ingestion decreased the epididymal adipose tissue weight in a 
dose-dependent manner, and at the same time, the liver β-oxidation 
activity, related to fatty acid degradation, was stimulated in mice fed a 
high-fat diet.9) Another study found that, in rats, tea catechin ingestion 
decreased the visceral (epididymal, mesenteric, and perirenal plus 
retroperitoneal) adipose tissue weights as compared to the control 
group, and at the same time, the activities of fatty acid synthase and 
malic enzymes, related to fatty acid syntheses, were decreased.10) The 
decrease in the adipose tissue weight associated with the ingestion of 
high-catechin-concentration green tea seen in the present study might 
be due, at least in part, to the stimulation of β-oxidation activity and the 
suppression of fatty acid synthesis-related enzyme activities. 
   The serum total, HDL-, and (VLDL+LDL)-cholesterol 
concentrations were not changed between the low- and 
high-catechin-concentration groups in both the cholesterol-free and 
cholesterol-loaded diets. It is known that catechin decreases the total 
cholesterol concentration, especially the LDL-cholesterol concentration, 
in blood.11-12) In these previous studies, rats ingested tea catechin at rates 
of 0.7 g/d/kg of body weight for 4 wk11) and 10 g/kg of diet for 3 wk,12) 
respectively. In the present study, in Experiment 1, rats ingested 618 or 
481 ml/28d of green tea in the low- and high-catechin-concentration 
groups, respectively, volumes which contained about 198 or 741 
mg/28d of catechin, respectively. In Experiment 2, rats ingested 586 or 
528 ml/28d of green tea, respectively, which contained about 188 or 
814 mg/28d of catechin, respectively (Table 1). In Experiment 1, the 
quantity of catechin ingestion was estimated to be about 0.042 and 
0.157 g/d/kg of body weight on the 27-28th day of the experimental 
breeding in the low- and high-catechin-concentration groups, 
respectively, with consumption of about 0.38 and 1.47 g/kg of diet over 
28 d, respectively. In Experiment 2, the quantity of catechin ingestion 
was estimated to be about 0.039 and 0.170 g/d/kg of body weight on 
the 27-28th day of the experimental breeding in the low- and 
high-catechin-concentration groups, respectively, with consumption of 
about 0.36 and 1.60 g/kg of diet over 28 d, respectively. The amount of 
catechin in green tea ingested in the present study was less than that in 
the above-mentioned studies; this may be why the serum total, and 
(VLDL+LDL)-cholesterol concentrations did not change. 
The serum triglyceride concentration was not changed between 
groups that ingested low- and high-catechin-concentration green tea in 
either the cholesterol-free or the cholesterol-loaded diet. A previous 
study has shown that catechin ingestion suppressed the increase in the 
triglyceride concentration in the blood after food ingestion by inhibiting 
the absorption of triglyceride from food.13) In this study, rats ingested a 
diet containing tea catechin with lipid emulsion, and the plasma 
triglyceride concentration was significantly suppressed 1 and 2 h after 
the catechin ingestion. This suppression effect was not seen 4 h or more 
after the catechin ingestion. In contrast, the plasma triglyceride 
concentration was not changed by the ingestion of a diet containing tea 
catechin without lipid emulsion. In the present study, the rats were able 
to ingest catechin-containing green tea until just before sacrifice and 
blood collection, although they were deprived of the food diet for 4 h 
before being sacrificed. The absorption of triglyceride from the diet was 
mostly completed, therefore, at the time of sacrifice, the serum 
triglyceride concentration might not have differed between the 
ingestion of low- and high-catechin-concentration green tea. 
Both the TBARS values in the serum and liver were not changed 
between the low- and high-catechin-concentration groups in either the 
cholesterol-free or the cholesterol-loaded diet. A previous study has 
shown that a catechin-containing diet reduced the plasma TBARS 
value in rats.14) In this study, rats ingested an experimental diet 
supplemented with dietary flavonoids (quercetin + catechin, 2:1 wt/wt) 
at a rate of 8 g/kg of diet for 4 wk. The experimental diet was rich in 
polyunsaturated fatty acid containing eicosapentaenoic acid (EPA) and 
docosahexaenoic acid (DHA). In the present study, the fat used in the 
diet was soybean oil. The oleic acid and linoleic acid contents in the 
soybean oil were almost the same as in the above-mentioned 
experimental diet, but EPA and DHA were not contained in the 
soybean oil. The degree of fatty acid peroxidation in the present study 
was lower than that in the above-mentioned studies; therefore, the 
TBARS values in the serum and liver might not have changed between 
the low- and high-catechin-concentration groups. 
   In conclusion, the ingestion of green tea containing a high 
concentration of catechin decreased the perirenal adipose tissue weight, 
resulting in beneficial effects on the lipid metabolism. On the other 
hand, almost all of the lipid metabolism parameters measured in the 
present study were not significantly changed. Previous studies have 
demonstrated that tea catechin ingestion had beneficial effects on lipid 
metabolism such as the suppression of triglyceride accumulation,15) 
decrease in the concentration of cholesterol16) and triglyceride17) in the 
blood, and antioxidant activity18) in humans as well as in animals.9-14) 
Frequent catechin-containing green tea ingestion and taking an 




1) Kakuda, T., Takihara, T., Sakane, I., and Mortelmans, K., 
Antimicrobial activity of tea extracts against periodontopathic 
bacteria, Nippon Nogeikagaku Kaishi, 68, 241-243 (1994). 
